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Objective: We hypothesized that a subgroup of patients with frank stroke due to sudden occlusion of the internal carotid
artery could safely undergo surgery to restore carotid patency and to rescue brain tissue not yet irreversibly damaged if
current stroke diagnostic methods were applied.
Methods: From November 1997 to March 2007, 1810 patients underwent carotid endarterectomy of the internal carotid
artery for occlusive disease at our department. Within the same period, 5369 patients were examined at our stroke unit,
and 502 from this cohort underwent internal carotid artery reconstruction. A subgroup of 35 patients (28 men, 7 women;
mean age, 61  10 years) underwent urgent surgical revascularization due to an acute internal carotid artery occlusion
<72 hours (mean 25  17 hours) after the onset of stroke symptoms and <36 hours (mean 16  10 hours) after
admission to our stroke unit. Our diagnostic workup consisted of extracranial intracranial duplex sonography, cerebral
computed tomography, digital subtraction angiography, magnetic resonance imaging, and angiography, including
diffusion- and perfusion-weighted imaging, to discriminate between viable and irreversibly damaged brain tissue. The
study excluded patients who presented an impaired level of consciousness, occlusion of the intracranial internal carotid
artery, occlusion of the ipsilateral middle cerebral artery, or infarction more than one-third of the territory perfused by
the middle cerebral artery. Imaging showed signs of recent ischemic infarction in all 35 cases. On admission, eight patients
(23%) scored 0 to 2 points and 27 (77%) scored 3 to 5 points in Rankin scale.
Results: Confirmed by postoperative Doppler and duplex sonography at discharge, internal carotid artery patency could
be achieved in 30 of 35 cases (86%). Intracranial hemorrhage occurred in two patients (6%) and reinfarction in another
two (6%). Two patients died during their hospital stay (30-day mortality, 6%). Compared with the preoperative
neurologic status, rates of clinical improvement (>1 point in Rankin scale), stability, and deterioration were 57%, 31%,
and 6%, respectively.
Conclusions: Restoration of blood flow in an acutely occluded internal carotid artery can only be achieved in the acute
stage. Our pilot study demonstrated that a thorough diagnostic workup allows selection of patients who may benefit from
urgent revascularization of acute internal carotid artery occlusion in the stage of an acute stroke. A prospective
randomized multicenter trial comparing surgery with conservative medical treatment is needed. (J Vasc Surg 2008;47:
752-9.)The early attempts of the pioneers of vascular surgery to
restore blood flow for acute occlusion of the internal carotid
artery (ICA) often ended with catastrophic results, most likely
due to postoperative intracranial hemorrhage.1-5 As a conse-
quence, carotid surgerywasmoreor less abandoned, although
few experienced authors insisted that urgent surgery in se-
lected patients could have good results.
Today, however, the diagnostic modalities available for
evaluation of the vascular system and the brain are substan-
tially different from those available at the time of the joint
study.5 Ultrasound technology, angiography, and neuroim-
From the Clinic for Vascular Surgery and Kidney Transplantation,a Institute
of Diagnostic Radiology,b and the Department of Neurology,c University
Hospital of Düsseldorf, Heinrich-Heine-University of Düsseldorf.
Competition of interest: none.
Presented at the 2007 Vascular Annual Meeting, Baltimore, Md, Jun 6-10,
2007.
Reprint requests: Barbara Theresia Weis-Müller, University Hospital of
Düsseldorf, Heinrich-Heine-University of Düsseldorf, Moorenstr 5,
40225 Düsseldorf (e-mail: weis.mueller@arcor.de; MuellerB@med.uni-
duesseldorf.de).
0741-5214/$34.00
Copyright © 2008 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2007.11.042
752aging such as cerebral computed tomography (CT)
or magnetic resonance imaging (MRI) with diffusion-
weighted (DWI) andperfusion-weighted imaging (PWI)now
allow for rapid and accurate diagnosis of extracranial and
intracranial vascular occlusion and its associated acute isch-
emic stroke. Systemic thrombolytic therapy 3 hours after
symptoms onset has been shown to be effective in reducing
the severity of the neurologic sequelae of intracranial vascular
occlusion.6-9 Here we report a single-center experience with
surgical revascularization of acute extracranial ICA occlusion
in the acute stage. Our aim was to evaluate inclusion and
exclusion criteria based on current diagnostic techniques to
make emergency carotid surgery safe and effective.
METHODS
Patients. We prospectively followed up 35 consecu-
tive patients from November 1997 to March 2007 who
underwent urgent surgery for acute ICA occlusion 72
hours after the onset of neurologic symptoms and 36
hours after admission to our stroke unit. The study was
approved by the local ethics committee, and patients or
their close relatives gave informed consent.
eight
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rotid surgery for occlusive disease in our department. During
this time, 5369 patients were examined at our stroke unit, and
502 symptomatic patients from this cohortwere transferred to
our department for ICA reconstruction. A subgroup of 35
patients (28 men, 7 women) with a mean age of 60.7 10.6
years (range, 32-76 years) underwent urgent reconstruction
of acute ICA occlusion within a mean of 24.1  17.1 hours
Fig 1. (a) Perfusion-weighted image 4 hours after onse
displays a perfusion deficit (red and green) of the righ
infarction. (b) Perfusion-weighted image taken 1 week
artery demonstrates a perfusion deficit in the area of th
recovered (blue). The patient remained clinically stable.
Fig 2. (a) Diffusion-weighted image 4 hours after onse
internal carotid artery displayswhite spots in themiddle caroti
tissue. (b) Diffusion-weighted image 1 week after success
which approximately has the same size as the zone of severe
zone of impaired perfusion in the preoperative perfusion-w(median, 18; range, 6-66 hours) after symptoms onset andwithin a mean of 15.7 9.5 hours (median, 11; range, 3-34
hours) after admission to our stroke unit.
Preoperative diagnostic work up. All patients under-
went a standardized protocol of clinical neurologic and
ultrasound examination of the extracranial ICA by a staff
neurologist, and all 35 patients underwent preoperative
neuroimaging (cerebral CT or MRI, or both. including
PWI and DWI assessment; Fig 1 and 2). When extracranial
roke symptoms (Rankin 4) and before revascularization
isphere, which represents “tissue at risk” for further
successful revascularization of the right internal carotid
nitive infarction (green), while the surrounding tissue
roke symptoms and before revascularization of the right
ry perfusion area region as sign for definitely damagedbrain
ascularization displays an enlargement of the stroke area,
sion deficit (red color Fig 1, a), but is smaller than the total
ed image (red and green in Fig 1, a).t of st
t hem
after
e defit of st
d arte
ful rev
perfuand intracranial ultrasound imaging was suggestive of ICA
JOURNAL OF VASCULAR SURGERY
April 2008754 Weis-Müller et alocclusion, additional MRA or digital subtraction angiogra-
phy (DSA), or both, were performed to evaluate more
precisely the intracranial vascular perfusion. Indications for
urgent revascularization were fluctuating or progressing
neurologic deficit, stroke in evolution, but also fixed, small
neurologic deficits in patients with a large PWI/DWI mis-
match. Patients with an impaired level of consciousness
were excluded from surgery (Table). Rankin scores at the
time of admission were 0 to 2 in eight patients (23%) and 3
to 5 in the other 27 (77%) patients (Fig 3).
Inclusion criteria based on imaging were a fresh isch-
emic brain infarction limited to not more than one-third of
the territory perfused by the middle cerebral artery (MCA).
Exclusion criteria were intracranial hemorrhage or infarc-
tion volume that exceeded more than one-third of the
MCA perfusion area (Table). In particular, preoperative
cerebral CT was performed in nine patients (26%), MRI
combined with DWI and PWI in 15 (43%), and 11 (31%)
Table. Inclusion and exclusion criteria for emergency
surgery of acute internal carotid artery occlusion
Variable Criteria
Inclusion
Symptoms ● 72 hours, fluctuating deficit, stroke









● Acute occlusion limited to the
extracranial part of ICA
Contraindications
Symptoms ● Impaired level of consciousness




● Intracranial ICA occlusion,
additional MCA occlusion
● Occlusion of the carotid T
CCT, Cerebral computed tomography; DSA, digital subtraction angiogra-
phy; ICA, internal carotid artery; MCA, middle carotid artery; MRA,
magnetic resonance angiography; MRI, magnetic resonance imaging.
Fig 3. Rankin scale scores before (gray) and after (black) carotid
artery surgery.were examined by both neuroimaging methods.It should be noted that there is frequently an additional
occlusion of the distal ICA, in particular in the supraclinoid
segment, resulting from embolization or thrombus propa-
gation. Surgical revascularization can only be achieved if
the occlusion is limited to the extracranial ICA; therefore,
visualization to confirm patency of the distal vessel is essen-
tial before performing surgical revascularization (Fig 4).
Accordingly, 26 patients (74%) were evaluated by using
MRA and 22 patients (63%) by a DSA alone or by both
angiographic methods. Apart from ipsilateral ICA occlu-
sion, angiography demonstrated contralateral ICA chronic
occlusion in seven patients (20%). Our inclusion criterion
for urgent revascularization was a fresh occlusion of the
extracranial ICA. Patients with a suspected ICA occlusion
older than 3 days, an occlusion of the intracranial ICA or of
the ipsilateral MCA, or both, were excluded from urgent
revascularization (Table).
Surgery. Before surgery, six patients (17%) had been
treated by systemic recombinant tissue plasminogen activa-
tor lysis. Immediately after the diagnostic workup was
completed, the patients were transferred to the operating
theater. General anesthesia was initiated, and after exposure
of the carotid bifurcation, heparin (2500 IU) was adminis-
tered intravenously. The common carotid artery and the
external carotid artery were cross-clamped, and a longitu-
dinal arteriotomy of the common carotid artery extending
into the ICA was performed. Chronic atherosclerotic ste-
nosis as underlying cause for acute occlusion was treated by
carotid endarterectomy (CEA). The fresh thrombus, which
was present usually above the chronic bifurcation process,
was either flushed out by elevating the systemic systolic
blood pressure to increase the retrograde blood flow, or in
case of insufficient backflow, a 2F balloon catheter was
advanced with caution towards the carotid siphon and
thrombectomy a was performed.
Still insufficient backflow was an indication for an intra-
operative arteriography. A 4F arterial double-lumen irrigation
embolectomy catheter was inserted into the distal ICA, the
balloon catheter was blocked, and 20mL of contrast medium
was applied with smooth pressure to visualize the siphon
region and the intracranial vessels. After adequate backflow
was achieved, the arterial incision was closed with an autoge-
nous patchgraft from thegreat saphenous vein harvested from
the ankle. Restoration of ICA blood flow was evaluated intra-
operatively by pulsed Doppler sonography. In four patients,
patency could not be achieved and the operation was termi-
nated by ligation of the ICA and a thromboendarterectomy of
the external carotid artery.
In two patients, ICA occlusion was due to acute dissec-
tion. In one patient, the dissecting membrane was limited
to the carotid bulb and the C2 segment and was treated by
removing the dissecting membrane together with the
thrombus by a Fogarty maneuver and a typical carotid
thromboendarterectomy. In the other patient, the dis-
sected segment was excised and replaced using a venous
interposition graft from the groin, and the distal anastomo-
sis had to be performed at the skull base.
usion
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gery, all patients were monitored in the intermediate or
intensive care unit for 24 hours under continuous arterial
blood pressure control with a systolic blood pressure be-
tween 100 and 140 mm Hg before being transferred back
to the stroke unit.
During the postoperative stay and before discharge, all
patients underwent a standardized clinical neurologic eval-
uation and duplex ultrasound (DUS) examination of the
supra-aortic vessels to confirm the patency of the ICA.
Fig 4. Duplex subtraction angiography shows (a) an oc
the right middle carotid artery, and (c) a retrograde perf
Fig 5. Magnetic resonance angiography taken 1 week after the
surgical revascularization demonstrates restoration of blood flow
in the right internal carotid artery.Cerebral CT or MRI (Fig 5) were used to re-evaluate 31(89%) patients during their postoperative hospitalization,
including especially those who had shown deterioration of
their clinical status.
Follow-up. All surviving patients were contacted by
telephone. The patients were encouraged to come to our
department of neurology for complete neurologic check-up
and DUS examination of the neck arteries and a Doppler
sonography of the intracranial circulation. Recorded was
the patient’s present social and medical history, including
general information on current state of health, recurrent
ischemic events, hospital stays, change in medication, and
newly acquired diseases. Current Rankin scores were deter-
mined by using a standardized questionnaire. If patients were
not able to come to the hospital, general practitioners, prac-
ticing neurologists, and local hospitals and rehabilitation clin-
ics were also contacted for the latest medical records such as
Doppler and DUS findings of the cerebral circulation, radio-
logic reports, and letters of discharge. In case of death, date,
the place and cause of death was documented.
RESULTS
Findings during surgery. After surgical exposure and
opening of the carotid bifurcation, complete ICA occlusion
was confirmed in all 35 cases. The cause of acute carotid
occlusion was atherosclerotic high-grade bifurcation steno-
sis in 31 patients (89%), acute carotid dissection in 2 (6%),
1 (3%) with embolism from cardiac source, and 1 (3%) with
heparin-induced thrombocytopenia with fresh ICA throm-
bus. We were able to restore blood flow in 31 of the 35 ICA
occlusions (89%) but were not able to reopen the occluded
ICA in theother four.The reason for failurewas anoldfibrotic
ICA occlusion in three cases and an ICA occlusion at the
siphon level with descending thrombus in another case.
Postoperative results. The DUS check at discharge
confirmed that revascularization had been successful in 30 of
on of the right internal carotid artery, (b) a perfusion of
of the “siphon.”clusi35 ICA occlusions (86%). The failures comprised reocclusion
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blood flow could not be achieved during surgery in 4 patients.
Neuroimaging displayed parenchymal hematoma in
two patients (6%), one with mass effect and the other
without clinical consequences. Reinfarction developed in
two further patients (6%); of these, one patient showed a
significant enlargement of his pre-existing infarction and
deteriorated, and the other sustained a small embolic rein-
farction without clinical consequences. Hemorrhagic trans-
formation of the pre-existing infarction developed in four
(11%) patients, but without clinical consequences.
Compared with the preoperative clinical examination,
20 patients (57%) had improved at least 1 point in Rankin
scale, 11 patients (31%) remained unchanged, and two
patients (6%) had deteriorated. One patient, who had been
treated by systemic thrombolysis before surgery, deterio-
rated owing to an intracranial hemorrhage. Reinfarction
developed in another patient. Two patients died in the
hospital for a 30-day mortality rate of 6% (Fig 3 and 6). We
were not able to reopen an occluded ICA in one patient
who had already sustained a stroke due to brain infarction
of the contralateral hemisphere. Postoperative enlargement
of this ipsilateral stroke area with malignant brain edema
occurred, and the patient died. Another patient died after a
deep vein thrombosis with fulminant pulmonary embolism
developed during the hospital stay.
In the subgroup of six patients who had been treated by
systemic thrombolysis before surgery, three patients im-
proved clinically after surgery, two patients remained sta-
ble, and one patient deteriorated due to postoperative
intracranial hemorrhage.
Follow-up data. We were able to get clinical informa-
tion for 32 of 33 surviving patients (94%) with a mean
follow up of 34.4  23.3 months (range, 1-106 months).
Five patients died during follow-up. One patient died 6
weeks after carotid revascularization of the effect of his
prior stroke, and 4 patients died of causes unrelated to their
cerebrovascular disease: 1 died during aortocoronary by-
pass surgery, 2 died of lung cancer, and 1 of an unknown
cause.
Of 27 surviving patients, 13 (48%) were re-examined in
our department of neurology and 11 patients (41%) in an-
other hospital or neurologic institution. Information for three
Fig 6. Postoperative clinical course at discharge improved or
deteriorated means change of 1 point or more in Rankin scale.patients (11%) was obtained by a telephone call exclusively.One of the patients in whom we had not been able to
restore ICA patency presented with an ipsilateral transient
ischemic attack during follow-up. One patient sustained a
stroke of the contralateral hemisphere due to a hypertensive
crisis. The remaining 25 patients (93%) did not have any
neurologic disorders during follow-up. An asymptomatic
restenosis developed in one patient, which was treated by
dilatation and stenting.
Five of the 13 patients (38%) who were re-examined in
our department of neurology had completely recovered
from their stroke and were at Rankin stage 0. Compared
with discharge, two further patients (15%) had clinically
improved at least 1 point in the Rankin scale, five patients
(38%) had remained stable, and one patient (8%) had
deteriorated, despite CT scans that did not reveal reinfarc-
tion.
DISCUSSION
Since systemic thrombolysis has proven to be effective
in reducing the severity of neurologic deficit and morbidity
in acute stroke, there has been increased interest in acute
interventions for stroke patients.6-9 Fibrinolysis alone can
be effective for treatment of strokes caused by middle
cerebral artery occlusion but has been shown to be ineffec-
tive in ICA occlusion, revealing a complete recanalization
rate of only 10%.10 The occluded segments of intracranial
arteries, such as the MCA, usually contain an embolus or a
short length of thrombus in an otherwise patent healthy
vessel,11-12 whereas as shown in our study, acute occlusion
of the extracranial ICA is usually due to a tight stenosis of
atherosclerotic etiology at the carotid bifurcation and a
superimposed thrombus. Therefore, CEA and simulta-
neous removal of the appositional thrombus have to be
combined for restoration of blood flow. A prerequisite for
successful surgery is the limitation of the ICA thrombosis to
its extracranial portion, because only then can the throm-
bus be retrieved either by sufficient backflow or by a bal-
loon catheter. Thus, all our patients were examined before
surgery by MRA or DSA, or by both methods in selected
cases, to confirm patency of the distal ICA (Fig 4).
An additional reason for preoperative angiography is
the suspicion of an ICA occlusion, which develops from a
tight stenosis of the intracranial portion of the ICA with a
thrombus propagating from the skull base towards the
bifurcation. In such cases surgery, cannot be successful and
even endovascular methods, as recently shown in the Me-
chanical Embolus Removal in Cerebral Ischemia (MERCI)
trial,13 have problems recanalizing these distal ICA occlu-
sions. The participating study groups were able to achieve
distal ICA revascularization in only 53% to 63%, with a
good clinical outcome in 39% of the revascularized patients
and a 90-day mortality of 30%; in the group that was not
revascularized, 79% of the patients died.
The success of surgery in acute carotid occlusion partly
depends on the duration of the occlusion. The occluding
thrombus usually originates from the carotid bifurcation
and propagates towards the skull base. The thrombus
causes inflammation of the arterial wall, and organization of
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Paty et al14 reviewed their data from 87 patients who
underwent surgical treatment for 90 symptomatic carotid
occlusions 14 days of symptom onset. They were only
able to restore blood flow in 31 of 90 occluded ICAs
(34%).14 In contrast, we limited our time for urgent revas-
cularization to 3 days after the very first onset of symptoms
and were able to reopen 86% of the ICA occlusions. The
time interval for successful recanalization may vary from
patient to patient, but in general the success rate will be
higher with short intervals.
Early revascularization after acute stroke is important
not only to preserve perfusion of viable brain but also to
salvage ischemic but not yet infarcted brain. In acute ICA
occlusion, neurologic disorder occurs either due to throm-
boembolism while the occluding thrombus is propagating,
or from hypoperfusion of the dependent hemisphere in
patients with insufficient collateral blood flow.11 Magnetic
resonance imaging with DWI and PWI may help to differ-
entiate between ischemic brain tissue that is definitively and
irreversibly damaged (DWI), and “tissue at risk,” hypoper-
fused but still viable, which may be saved by early revascu-
larization (PWI; Fig 1, 2).15-20
Neumann-Haefelin et al18 demonstrated that PWI/
DWI volume mismatch was significantly larger in stroke
patients with severe ICA disease than in patients without
extracranial carotid stenosis.18 The authors showed that
about 80% of the patients presented with a PWI/DWI
mismatch during the first 24 hours after onset of stroke
symptoms. Control PWI/DWI scans 1 week later revealed
an enlargement of the infarction zone in 75% of the patients
if the perfusion time delay compared with the unaffected
hemisphere, as demonstrated in the first scans, had been6
seconds.18 The PWI/DWI volume mismatch on MRI was
one of our most important criterion for selecting patients
for urgent carotid endarterectomy.
Neurologic examination at discharge showed that
more than one-half of our patients with successful revascu-
larization had clinically improved. A prospective multi-
center trial randomizing the patients into a conservative
medical and a surgical group is now needed to investigate
the influence of early ICA revascularization on clinical
outcome and its corresponding MRI changes in a larger
group of cases.
Summarizing our diagnostic algorithm, we now per-
form first combined MRI/MRA if carotid occlusion is
suspected by Doppler/DUS imaging. An additional angio-
gram using DSA only becomes necessary if the supraclinoid
region cannot be evaluated by MRA alone. Patients with
infarctions of more than one-third of the MCA perfusion
area, with occlusion of the intracranial ICA orMCA, will be
excluded from urgent carotid revascularization. Patients
with impaired level of consciousness will be excluded with-
out further invasive vascular imaging studies.
Apart from a possible benefit on clinical outcome in the
acute stroke situation, reopening of the ICA occlusion may
prevent recurrence of stroke later in life. Chronic carotid
occlusion is associated with an increased risk of 18.5% to 26%for later ipsilateral cerebral ischemia.21-24 Other groups re-
cently focused on hemodynamic failure distal to the ICA
occlusion and used positron emission tomography scanning
todescribe the importance of hemodynamic factors in predict-
ing outcome in these patients.23,24 The necessity of restoring
ICA blood flow is emphasized by our observation that 20% of
our patients had a chronic occlusion contralateral to the
acutely occluded ICA. After successful reopening of ICA
occlusion, we did not observe any ipsilateral cerebral ischemia
during a mean follow-up of 34 months.
Acute carotid surgery was abandoned for years because
of the risk of postoperative intracranial hemorrhage. How-
ever intracerebral hemorrhage after ischemic stroke is com-
monly observed without invasive treatment if patients are
studied with serial CT.25,26 Okada et al25 found hemor-
rhagic infarction during the first month after the embolic
event in 41% of the patients. The percentage of hemor-
rhagic infarction in their study was higher in patients aged
70 years compared with younger patients and was also
higher in moderate or large infarcts compared with smaller
infarcts. Of interest was that no correlation was found
between hemorrhage and a previous history of hyperten-
sion or blood pressure elevation during the acute stage of
stroke.25 Hornig et al26 made a similar observation, detect-
ing hemorrhagic transformation in 43% of the cases. The
risk of hemorrhage in their study was correlated with a
severe neurologic deficit, disturbances of consciousness,
and large infarctions with a mass effect.26 Considering
these results, we excluded patients with impaired level of
consciousness from consideration for emergency revascu-
larization.
Following the example of others, we differentiated
bleeding between hemorrhagic infarction and parenchymal
hematoma. Hemorrhagic infarction is petechiae or conflu-
ent hemorrhage in the area of ischemic injury; parenchymal
bleeding is homogeneous bleeding with circumscribed clot
formation or mass effect.28,29
For many years we routinely perform urgent carotid
surgery in patients with transient ischemic attack or amau-
rosis fugax, but in the present study, we only included
patients with frank stroke so that we could evaluate the risk
of intracranial bleeding and neurologic impairment. The
postoperative neuroimaging of our patients displayed pa-
renchymal hematoma in two patients (6%), one of whom
had a mass effect, and a hemorrhagic transformation of the
ischemic infarction without clinical impairment in four
patients (11%). The frequency of postoperative intracranial
hemorrhage in our patients is comparable with the natural
course of hemorrhagic transformation of ischemic cerebral
infarction.25,26
Apart from postoperative intracranial hemorrhage, re-
infarction developed in two further patients (6%). One
patient showed a significant enlargement of his pre-existing
infarction and deteriorated, and the other one sustained
from a small embolic reinfarction without clinical conse-
quences. A postoperative stroke recurrence rate of 6%
seems high compared with results of elective carotid sur-
gery; but in general, acute carotid occlusion seems to be
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Collaboration recruited 4157 patients prospectively who
had experienced an acute ischemic stroke and monitored
them to assess recurrent stroke and death up to 1 year after
the event. Stroke was caused by acute carotid occlusion in
366 patients. Early recurrent cerebral ischemia 72 hours
after hospital admission was observed in 7.4% of the pa-
tients with carotid occlusion. After 100 days, already 21.2%
of these patients had died.27
In the last decade, several surgical work groups pub-
lished their results of urgent carotid surgery.14,30-34 Kasper
et al30 reported the outcome of 29 patients with revascu-
larization for acute ICA occlusion 8 days of clinical pre-
sentation. In contrast to our study in which all patients had
experienced a preoperative stroke, preoperative stroke had
occurred in only nine (31%) patients, whereas most of the
patients complained about transient ischemic attack or
amaurosis fugax. Their results were similar to ours, with a
successful restoration of ICA blood flow in 83%, 48% of the
patients had clinically improved, 45% remained unchanged,
7% had deteriorated, and 1 patient (3%) had died.30
Gay et al32 reported 22 emergency carotid revascular-
izations 24 hours with a 30-day mortality rate of 9.5%.
Berthet et al34 tried a surgical revascularization of 12 acute
ICA occlusions6 hours of symptoms; one patient died of
stroke and another died of reasons unrelated to stroke.34
All of these work groups performed careful preoperative
workup and had well-defined inclusion and exclusion
criteria.
Nowadays interventional teams are also dealing with
acute ICA occlusion, using new devices for mechanical
thrombectomy, intra-arterial lysis, dilatation, and stent-
ing.35-38 The largest series was actually presented by a
Taiwanese group, who treated 30 patients with acute cer-
vical ICA occlusion by using endovascular techniques. In
contrast with our study, intervention was not performed in
acute stroke; the most recent cerebral infarction had to be
2 weeks before the intervention. The group was able to
restore ICA blood flow in 73%. They observed one fatal
brainstem infarction for a 30-day mortality rate of 3%.
During a mean follow-up of 16 months, ICA restenosis
developed in one patient and two others sustained reocclu-
sion, for a reocclusion or restenosis rate of 14%. We are
convinced that it is better to treat cervical ICA occlusion
surgically: after clamping of the common carotid artery, the
entire thrombus and atherosclerotic material can be re-
moved without flooding blood over the embolic source,
which effectively prevents embolism. Endovascular maneu-
vers could be considered if CEA is not an option, especially
in intracranial ICA occlusions, where surgery fails and
medical treatment alone has a poor outcome.14,38-41
CONCLUSION
Our preliminary study has shown that urgent revascu-
larization in selected stroke patients with acute carotid
occlusion is both technically feasible and associated with
acceptable morbidity and mortality rates when preceded by
careful preoperative evaluation. A prospective randomizedmulticenter trial is needed to confirm the validity of our
findings and to assess the relative merits of aggressive vs
conservative management in these patients.
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When faced with acute stroke patients who may benefit from
prompt revascularization, we face a dilemma. There is high risk but
in many cases high reward. Should we try to restore carotid flow in
the setting of acute stroke? Dr Weis-Muller and colleagues review
their experience with urgent endarterectomy for 35 patients with
acute carotid occlusion related strokes to determine if current
imaging technology might refine patient selection and thereby
improve outcome. Each study patient underwent neurologic ex-
amination, carotid duplex, and contrast enhanced computed to-
mography (CT) scanning and/or magnetic resonance imaging
(MRI). Patients with carotid occlusion underwent MRA and/or
digital subtraction angiography to visualize intracranial vessels.
Patients with altered mental status, infarct volume exceeding one
third of the middle cerebral artery (MCA) territory, hemorrhagic
infarction, internal carotid artery (ICA) occlusionmore than 3 days
old, nonvisualized intracranial internal carotid, or middle cerebral
artery occlusion were excluded from urgent endarterectomy. Us-
ing this algorithm, the authors restored flow in 31/35 cases with
one reocclusion. Twenty of 35 (57%) patients improved in their
Rankin Stroke Score, 11 (31%) remained unchanged, two (6%)
worsened, and two (6%) died. On late follow-up (mean 34
months), five patients had died (one from stroke), and one patient
suffered a contralateral stroke. Of 13 patients who underwentimproved further after discharge, 5 were stable, and 1 was worse.
Of note is that early postoperative imaging studies revealed brain
hematomas in 6%, reinfarction in 6%, and hemorrhagic infarct
transformation in 11%.
While encouraging, these results do not prove the value of
urgent endarterectomy. First, there is no medically managed con-
trol group. If we are to subject patients to an intervention with a 6%
risk of death, a 6% risk of neurological deterioration, and a 23% risk
of hematoma, recurrent infarction or hemorrhagic transformation,
we must be sure that nonsurgical treatment is associated with
either greater risk of adverse outcome, lesser likelihood of clinical
improvement, or both. Second, inclusion and exclusion criteria are
not yet fully refined. Of particular interest is the potential for
perfusion weighted image (PWI) and diffusion weighted image
(DWI) mismatches to refine patient selection for urgent interven-
tion by distinguishing infarcted from ischemic but viable brain
tissue. Valid guidelines for the optimal management of acute
stroke patients await more detailed understanding of the ischemic
border zone and a properly conducted randomized trial of urgent
surgery vs medical management. Until we have such guidelines,
the decision to intervene should be individualized based on the
surgeon’s careful assessment of the relevant risks and benefits
weighed in the context of the new information from this study.
